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CONTRIBUTION OF THIS STUDY
For the past few years there has been a general acceptance that health terminologies should be scaled-up, not least to support electronic patient records; and that this scaling-up would not be achievable without computer support [3] . As a result, significant efforts have been directed towards the development of logic-based compositional terminologies [4, 5] . Version 1 of the International Classification for Nursing Practice [6] (ICNP®) is an example of such a terminology. Other similar terminologies for other domains, such as genomics, are also under development.
Prior to the development of ICNP® Version 1, several terminology experts had already recognized the need for a more formal foundation for nursing terminologies [7, 8] . ISO 18104:2003 provided at least part of that foundation by exposing the semantics embedded within nursing diagnostic and interventional terms. Thus, it provides both a framework for evaluating existing nursing terminologies and a template for developing new ones. 
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Other studies have examined the level of conformance of nursing terminologies to the ISO standard by decomposing or dissecting individual terms, and mapping these dissections to the standard [9] [10] [11] [12] . This study goes further than these previous studies. It exploits the logic-based compositional nature of ICNP® Version 1 and compares the terminology's high-level schema with the standard. In so doing it suggests a possible new role for terminology standards in helping to define high-level schemata for other emerging logic-based compositional terminologies and provides examples of how this and other terminology standards might be interpreted.
BACKGROUND
ICNP® Version 1
ICNP® Version 1, developed by the International Council of Nurses (ICN), was released in 2005. ICNP® Version 1 built upon previously released versions of ICNP® (alpha, beta, and beta 2) and aims to provide a more formal foundation to support further development and maintenance of the terminology. The core of ICNP® Version 1 (i.e. the ICNP® ontology) is represented in the Ontology Web Language (OWL) [13] .
An ontology describes the entities in a domain and the relationships between those entities. OWL is a recommendation of the World Wide Web Consortium (W3C) and is rapidly becoming the de facto standard language for representing ontologies.
OWL is useful to ICNP® as it permits subsequent automated (i.e. computerized) description logic reasoning to check consistency and to support classification within the ICNP® ontology, thereby relieving ICN of some of the considerable burden of development.
The ICNP® ontology comprises classes and properties. OWL classes (i.e. concrete representations of entities) are interpreted as sets that contain individuals (i.e. 
METHODS
The axial presentation of ICNP® Version 1
The software tools used to support the development and maintenance of ICNP® 
Considering OWL classes and OWL properties
This cursory analysis suggests that the axial presentation of ICNP® Version 1 would appear to conform to the standard. However, the axial presentation is in many respects artificial. The majority of axis labels within the axial presentation are closely related to semantic domains. In keeping with the standard, these axis labels are not included as OWL classes within the ICNP® Version 1 ontology. As the meaning of semantic domains can only be determined through their associated semantic links, any analysis of conformance of ICNP® Version 1 to the standard must consider not just OWL classes but also OWL properties.
In this study both the OWL classes and OWL properties within the ICNP® Version 1 ontology are examined in order to identify mappings to the semantic categories, semantic domains, qualifiers and semantic links within the standard.
RESULTS
Semantic categories
As indicated previously, semantic categories can be instantiated. Thus one would expect to find equivalent OWL classes within the ICNP® Version 1 ontology;
and indeed this is the case. The equivalent OWL class for the semantic category action is 'Act', with subclasses such as 'Facilitating Act' or 'Teaching Act'. The equivalent OWL class for the semantic category dimension is 'Status', with subclasses such as 'Ability' or 'Knowledge'. Finally, the equivalent OWL class for the semantic category route is 'Route', with subclasses such as 'Gastrointestinal Route' or 'Intravenous Route'. 
Semantic domains
Means, Target and Site
The semantic domain means is interpreted within ICNP® Version 1 via the OWL property 'hasMeans'. Any OWL class that is related to a particular 'Act' along the 'hasMeans' property falls within the means semantic domain e.g. in the simplified OWL expression 'MonitoringAct hasMeans MonitoringDevice', 'MonitoringDevice' may be considered a means. (Note that throughout this article, OWL syntax has been greatly simplified to improve readability).
Similarly for target and site. The ICNP® Version 1 ontology has two properties 'actsOn' and 'hasLocation' that are used to represent these semantic domains. In the previous example, 'MonitoringDevice' fell within the semantic domain means. In the following simplified OWL expression, 'MonitoringDevice' now falls within the semantic domain target due to its relationship with 'CleaningAct' along the 'actsOn'
property: 'CleaningAct actsOn MonitoringDevice'.
Judgement and Focus
Judgement is partially interpreted within ICNP® Version 1 as the OWL class 'State' (e.g. 'High'). However, this is only a partial interpretation. In practice an instance of 'State' would only be considered to be a judgement if it was also related to 
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an instance of another OWL class along the 'hasState' property or one of its subproperties.
In parallel with judgement, the semantic domain focus is interpreted within ICNP® Version 1 as anything that has a judgement i.e. it is a focus only when it has a relationship with a particular 'State' along the 'hasState' property or one of its subproperties.
Thus in the simplified OWL expression 'FluidVolume hasState Low', 'FluidVolume'
would be considered the locus, and 'Low' would be considered the judgement due to their relationship along the 'hasState' property.
Subject of information and Recipient of care
Within ICNP® Version 1 the OWL property 'actsOn' has a sub-property is by definition also a target (according to the ISO model).
Within ICNP® Version 1, interpretation of the semantic domain subject of information is perhaps the most problematic. It is interpreted in several ways, with little consistency in the approach taken. For example, subject of information is interpreted variously through the properties 'isPerformedBy' (e.g. Self-mutilation), 'isStatusAppliedTo' (e.g. Caregiver stress), and 'actsOn' (e.g. Radiation exposure).
Qualifiers
The qualifiers degree, potentiality and acuity are interpreted in a similar way to judgement, using specific sub-properties of the OWL property 'hasState' (associated with appropriate sub-classes of the OWL class 'State') to differentiate between them:
• 'hasExtentState' for degree 
Semantic links
A set of mappings between the semantic links within the standard and the corresponding OWL properties within ICNP® Version 1 is provided in Table 2 . 
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Previous studies have also considered the representation of and mapping to semantic links for nursing diagnostic statements [10, 11] .
Interesting features of these mappings include:
1. 'hasTime' has different 'flavours' in its sub-properties; these act as temporal comparators 2. 'isStateOf' is not used in the ICNP® Version 1. However, 'hasState', its inverse is used. 'hasState' also has different 'flavours' with sub-properties such as 'hasOnset', 'hasExtentState' and 'hasPotentialityState'.
3. 'actsOn' is a super-class to 'hasRecipientOfCare'.
4. 'hasLocation' is used as a general locative OWL property for the semantic links has site and has route. 
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The three semantic categories within the standard i.e. action, dimension and route, have been interpreted as OWL classes within ICNP® Version 1 i.e. 'Act', 'Status', and 'Route'. According to the standard, semantic categories can be instantiated. In OWL, classes are instantiated through individuals i.e. objects in the domain in which we are interested.
Semantic domains have been interpreted within ICNP® Version 1 in a number of ways.
Common across all approaches is the fact that within ICNP® Version 1, there are no equivalent OWL classes for any of the semantic domains within the standard; as semantic domains cannot be instantiated, it would make no sense for this to be the case.
However, there are means within ICNP® Version 1 of determining which semantic domain a particular OWL class might fall into. This lack of clarity also affects the semantic links has recipient of care and has subject of information. The remaining semantic links are less problematic, although perhaps some discussion is needed to clarify the interpretation of has site and has route.
As discussed previously, route is a semantic category within the standard that has an equivalent OWL class within ICNP® Version 1. Thus if the OWL property 
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'hasLocation' is associated with a 'Route', one can assume that the semantics concern a route. If on the other hand it is associated with something other than a 'Route', then one can assume that semantics concern something other than a route i.e. a site. Thus the delineation between has site and has route is considered unnecessary within ICNP® Version 1 and the OWL property 'hasLocation' adequately interprets has site and has route, ultimately with no loss of meaning.
Representing diagnostic and interventional statements
As mentioned previously, the standard has no explicit conformance criteria. It does however state that:
A descriptor for <<focus>> and a descriptor for <<judgement>> are mandatory for the intensional definition of a nursing diagnosis [2] and that This study also provides evidence to inform any future review of ISO 18104:2003, such as the need for explicit conformance criteria, the need for style guides to support the analysis of terminologies (i.e. the dissection of individual terms), and the continued need to clarify the boundaries between terminology models and information models.
More generally, this study provides an example of how to interpret the components of terminology standards in order to support the definition and instantiation of high-level schemata for other emerging logic-based compositional terminologies.
Thus it provides direction for terminology developers both within nursing and across other domains.
